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A review of all medication incidents reported to the National Reporting and Learning System (NRLS) in England in Wales between 1
January 2005 and 31 December 2010 was undertaken.The 526 186 medication incident reports represented 9.68% of all patient safety
incidents. Medication incidents from acute general hospitals (394 951) represented 75% of reports. There were relatively smaller
numbers of medication incident reports (44 952) from primary care, representing 8.5% of the total. Of 86 821 (16%) medication
incidents reporting actual patient harm, 822 (0.9%) resulted in death or severe harm. The incidents involving medicine administration
(263 228; 50%) and prescribing (97 097; 18%) were the process steps with the largest number of reports. Omitted and delayed medicine
(82 028; 16%) and wrong dose (80 170; 15%) represented the largest error categories. Thirteen medicines or therapeutic groups
accounted for 377 (46%) of the incidents with outcomes of death or severe harm.The National Patient Safety Agency (NPSA) has issued

guidance to help minimize incidents with many of these medicines. Many recent incidents could have been prevented if the NPSA
guidance had been better implemented. It is recommended that healthcare organizations in all sectors establish an effective
infrastructure to oversee and promote safe medication practice, including an annual medication safety report. In the future,
preventable harms from medication incidents can be further minimized by; the continued use of the NRLS to identify and prioritize
important actions to improve medication safety, a central organization continuing to issue medication safety guidance to the service
and better methods to ensure that the National Health Service has implemented this guidance.

Introduction

In the report entitled ‘An organisation with a memory’ pub-
lished in 2001, the Department of Health in England rec-
ognized that preventable harms were occurring in the
National Health Service (NHS) and more could be done to
minimize these harms [1]. The report identified two main
areas where the NHS could draw valuable lessons from the
experience of other sectors to minimize preventable
harms. The first area was safety culture, where open
reporting and balanced analysis are encouraged in prin-
ciple and by example, which can have a positive and quan-
tifiable impact on the recognition and management
of preventable harms. The second area was reporting
systems, which were considered vital in providing a core of
sound, representative information on which to base analy-

sis and recommendations. Experience in other sectors
demonstrates the value of systematic approaches to
recording and reporting adverse events and the merits of
using information on ‘near misses’ as well as events that
actually result in harm.

In order to better address the problem of patient safety
in the NHS, The National Patient Safety Agency (NPSA) was
established as a Special Health Authority in the NHS in
England and Wales in 2001 [2]. The agency has been
responsible for the National Reporting and Learning
System (NRLS) that collects, analyses and learns from all
types of patient safety incidents (PSls). A patient safety
incident has been defined by the NPSA as any unintended
or unexpected incident which could have or did lead to
harm for one or more patients receiving NHS-funded
healthcare.
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In 2010, the UK government published plans to reduce
NHS administrative costs by more than 45% and to simplify
and radically reduce the number of NHS bodies in England
[3]. The government’s plans are intended to better align
NHS bodies with the rest of the health and social care
system by ensuring that functions related to quality and
safety improvement are devolved closer to the front line
and by integrating and streamlining existing functions.
These proposals include that the NPSA will be abolished
[3].1t is proposed that the NPSA ceases as a legal entity in
July 2012 and that the responsibility for the NRLS will be
transferred to a new organization, The NHS Commissioning
Board [3].

The NRLS was rolled out during 2003, and by 1 January
2005 all NHS organizations in England and Wales were con-
nected to the system and had the ability to report PSls.

The aim of this review, prior to the closure of the NPSA,
is to summarize the medication practice activities of the
Agency to inform others with an interest in promoting the
safe use of medicines in the future. Our review describes
how many medication incidents, of what type and with
what clinical outcomes have been reported, what learning
and changes in practice have resulted from this informa-
tion to make the use of medicines safer,and how processes
for reporting and learning of medication incidents can be
improved in the future.

The NPSA has previously published two reports of
quantitative and qualitative data on medication incidents
for periods of up to 18 months [4, 5]. The present report,
however, presents a larger and more extensive review of
medication incident reports over a 6 year period.

Methods

All incidents reported as occurring between 1 January
2005 and 31 December 2010 were extracted from the
NRLS database on 12 May 2011 using a SAS® Enterprise
Guide 4.3 add-on for Microsoft Office Excel® and a
medication-specific map of the NRLS, PSI data.

All reports with outcomes of death and severe harm
were reviewed by an author (DG). Where necessary, the
clinical outcome codes were changed to reflect more accu-
rately the details of the reported incident.The definition of
severe harm used for this paper was ‘a patient safety inci-
dent that appears to have resulted in permanent harm
and/or a near death experience’ Patient safety incidents
were considered not applicable if they were adverse drug
reactions where the harm was not avoidable, the PSI was
miscoded or there was insufficientinformation to make any
judgement of clinical outcome.To provide an understand-
ing of the variation and amount of information describing
reports of deaths and severe harm, this data set was inves-
tigated for the number of words reported, or not, in the
categories‘description of what happened;‘actions prevent-
ing reoccurrence’or‘apparent causes'.The results for deaths
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and severe harm were then compared with all medication
reports in these categories for the 12 month period to 31
December 2010, to indicate whether severity of harm has
any bearing on the extent of information provided.

A second data set of all NRLS updated PSI reports was
extracted on 30 June 2011 using the SAS® Enterprise
Guide 4.3 outputting directly to Excel® pivot tables. The
NRLS is a dynamic database, where NHS organizations are
able to upload, update and amend PSls retrospectively.The
tendency is for numbers to decrease as PSls, for example,
reported in error or duplicated are removed. This accounts
for the small decrease in medication PSls for the later
extraction.

Where comparisons are drawn between medication
and total PSls, the second extraction is used (Tables 1-4).
Raw data from the earlier extraction forms the basis of
more in-depth analysis of medication PSls (Tables 5-8).

Validation of patient-harm reclassification for the
medication-only PSI data set was performed using a
random sample of 10 deaths and severe harm PSIs from
each of the 6 years.The 60 clinical outcomes were indepen-
dently reviewed by the second author and compared.

Analysis was undertaken with SPSS version 17. Signifi-
cance was determined at the 95% confidence interval.
Regression analysis used the ‘enter’ model.

Results

Of the 5437 999 total PSls over the 6 years from 2005 to
2010, extracted in June 2011 (Table 1), 526 186 medication
incidents were reported. There has been a significant and
consistent increase of over half a per cent each year in
reported medication incidents relative to total PSls
[Table 1; percentage medication incidents of total reports
by year, r* = 0.98, B = 0.55 (0.44-0.66)]. Reports of medica-
tion incidents increased significantly by over 17 000 each
year [Table 1; medication incidents by year, = 0.98,

Table 1

Number of patient safety incidents and medication incidents received by
the NRLS, 2005-2010%

Number of Medication
Total number medication incident reports as
of incident incident a percentage of all
reports reportst incident reports received
2005 517 415 42 398 8.19
2006 742 418 64 484 8.69
2007 874 148 79118 9.05
2008 986 981 94 280 9.55
2009 1118336 113 837 10.18
2010 1198 701 132 069 11.02
Total 5437 999 526 186 -

*Based on the June 2011 extraction.



Table 2
Categories of incidents reported to the NRLS, 2005-2010*

Number of Percentage of all

Incident category incidents  incident reports

Patient accident 1785 537 32.83

Medication 526 186 9.68
Treatment/procedure 521 265 9.59
Access, admission, transfer and discharge, 434 559 7.99

missing patients
All other types of incidents 2170 452 39.91
Total 5437999  100.00

*Based on the June 2011 extraction.

Table 3

Number of patient safety incident reports and medication incidents
received by the NRLS from each healthcare sector*

Medication
Total Number of incidents as a
number of medication percentage of
incident incident total incident
Healthcare sector reports reports reports
Acute/general hospital 3921212 394 951 10.07
Mental health service 754 812 48 951 6.49
Community nursing, medical 542 323 48 594 8.96
and therapy service
(including community
hospital)
Learning disabilities service 155914 8154 5.23
General practice 22 587 5358 23.72
Community pharmacy 19 696 19 245 97.71
Ambulance service 18 415 712 3.87
Community and general 2560 133 5.20
dental service
Community 82 4 4.88
optometry/optician service
Not stated 398 84 21.11
Total 5437999 526 186 9.68

*Based on the June 2011 extraction.

B=17474 (16 116-18 831)].Total PSI reports increased by
nearly 133 000 each year [Table 1; total incidents by year,
r’=0.98,=132771 (103 855-161 688)].

The 526 186 medication incidents represented 9.68%
of all incidents (Table 2), which was the second highest
category in the NRLS.

While the 5358 mediation reports from general prac-
tice was a small number in comparison with all medication
reports (1.02%; Table 3), it is notable that it represented
a high proportion (23.72%) of all incident reports from
general practice reports.

The acute sector reported the largest number of medi-
cation incidents (394 951; 75%). There were far fewer
reports from primary care (44 952; 8.5%). Acute sector
organizations had median values of between 130 and 937
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medication incident reports each year, depending on the
size of the organization (Table 4).By inspection within each
acute organization size cluster, the highest reporting orga-
nizations had double the number of medication incident
reports compared with similar organizations in the lower
quartile.

Based on the May 2011 extraction data set, an analysis
of clinical outcomes of medication incidents (Table 5) dem-
onstrates that 86 821 (16%) of reported incidents have
outcomes of actual patient harm. Of these, 822 (0.15%)
resulted in serious harm or death to the patient. Based on
the same data set, the number of incidents arising from
each step of the medicine use process is presented
(Table 6). Large numbers of administration incidents
(263 228;50%) were reported, followed by prescribing inci-
dents (97 097; 18%). This can be explained, because there
are many more medicines administered in hospitals each
day compared with the number of medicines prescribed,
so there are more opportunities for error at this stage of
the process than for prescribing.

The number of incident reports for each type of medi-
cation error is presented in Table 7, where omitted and
delayed medicine (82 028; 16%) and wrong dose (80 170;
15%) were the largest identified categories.The ‘other’ clas-
sification was used when a medication incident could not
be classified using the NRLS categories, or where the
reporters did not select a classification category that could
have been used to describe the incident, or categories in
local risk management systems were not mapped to NRLS
classification codes.

A review of the most common medicines or therapeutic
groups involved in incident reports with death and severe
harm as outcomes is presented in Table 8, where the unsafe
use of 13 medicines or therapeutic groups represents 377
(46%) of all incidents with serious outcomes. Where there
were incidents involving more than one medicine in a
therapeutic group, the name of the group has been used.
Where incidents only involved one medicine in a therapeu-
tic group, the name of the medicine has been used.

Clinical validation of the May 2011 medication-only
data set resulted in a reduction of 74% (from 2156 to 551)
in PSls assigned to severe harm and 14% (from 314 to 271)
in level-of-harm death.

A x value of 0.517 (SEM 0.095) demonstrated moderate
agreement between assessors assigning 60 randomly
selected cases to the NPSA categories of patient harm with
the specific definition of severe harm described in this
paper.Eleven of the 60 randomly selected incident reports
were allocated a fatal clinical outcome code by the primary
reviewer. The second reviewer agreed on a fatal outcome
code in nine of the 11 cases. There was a tendency for the
main reviewer (D.G.) to assign comparatively greater
numbers to the severe category of permanent harm. The
implication is that the already large downward classifica-
tion of reported severe harm is likely to be a conservative
estimate.
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Table 4

Medication incidents reported by the acute care cluster type*

Number of

Acute organization cluster

organizations

any medication incidents

Acute organizations

reporting that have not reported Upper
Lower quartile Median quartile
Acute specialist trust 20 1 31 131 291
Acute teaching trust 25 0 478 813 986
Large acute trust 44 0 164 376 493
Medium acute trust 51 1 150 265 440
Small acute trust 30 1 112 203.5 264
Total 170 3

*Based on the June 2011 extraction.

Table 5

Medication incidents reported by clinical outcome*

Percentage of

Actual clinical outcome Incidents medication incidents
Death 271 0.05
Severe 551 0.10
Moderate 17 421 3.31
Low 68 578 13.03
No harm 439 318 83.46
Not applicable 240 0.05
Total 526 379 100.00

*Based on the May 2011 extraction following clinical validation for deaths and
severe harm.

Table 6

Medication incidents by stage of medication process*

Percentage of

medication
Stage of medication process Incidents  incidents
Administration of medicines 263228 50.01
Prescribing of medicines 97 097 18.45
Preparation/dispensing of medicines 87 057 16.54
Other 48 410 9.20
Monitoring/follow-up of medicine use 23648 4.49
Advice 3537 0.67
Supply or use of over-the-counter medicine 3045 0.58
Not applicable 240 0.05
Blank 117 0.02
Other/unspecified 48 410 9.20
Total 526 379 100.00

*Based on the May 2011 extraction following clinical validation for deaths and
severe harm.

In the May 2011 extraction, of the 822 clinically vali-
dated PSIs with death or severe harm outcomes, the mean
number of words in the category ‘description of what
happened’ was just over 89, with a median of 67 (25" and
75th percentiles 43 and 106, respectively; range 8-711),
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Table 7

Medication incidents by category of error reported*

Percentage of

medication
Category of error Incidents incidents
Omitted and delayed medicine 82028 15.58
Wrong dose or strength 80170 15.23
Wrong medicine 48 834 9.28
Wrong frequency 44165 8.39
Wrong quantity 28 764 5.46
Mismatching between patient and medicine 21915 4.16
Wrong/transposed/omitted medicine label 13 755 2.61
Patient allergic to treatment 11 695 2.22
Wrong formulation 11 254 2.14
Wrong/omitted/passed expiry date 10998 2.09
Wrong storage 10 447 1.98
Unknown 10 024 1.90
Wrong method of preparation/supply 9 840 1.87
Wrong route 7934 1.51
Contra-indication to the use of the medicine 7 632 1.45
Adverse drug reaction (when used as 5939 1.13
intended)
Wrong/omitted verbal patient directions 1383 0.26
Wrong/omitted patient information leaflet 1156 0.22
Blank 129 0.02
Other/not specified 118 317 22.48
Total 526 379 100.00

*Based on the May 2011 extraction following clinical validation for deaths and
severe harm.

implying a skewed distribution with a few very detailed
reports (skewness +2.785). There were no words at all for
the category‘actions preventing reoccurrence’ or ‘apparent
causes’'in 65.09 and 86.25% of reports, respectively, and in
62.53% of reports neither category contained any further
information.

Similar results were found with the 132 243 medication
safety incidents for 2010. There was no information in the
categories ‘actions preventing recurrence’ (60.05%) or
‘apparent causes’ (82.28%), and in 59% of reports neither
category contained any information. Only 40% of reports



Table 8

Medicines/therapeutic groups identified in incident reports with clinical
outcomes of death and severe harm*

Percentage of
medication

incidents with
fatal and severe
Medicine or therapeutic group Death Severe Total harm outcomet

Opioids 46 43 89 10.83
Antibiotics 10 38 48 5.84
Warfarin 15 30 45 5.6

Low molecular weight heparin 23 23 46 5.6

Insulin 9 37 46 5.6

Benzodiazepines 15 12 27 3.28
Nonsteroidal 1 17 18 2.19

anti-inflammatory drugs

Potassium 7 8 15 1.82
Adrenaline 8 4 12 1.46
Phenytoin 1 11 12 1.46
Amiodarone 3 4 7 0.85
Antipsychotics 2 5 7 0.85
Methotrexate 2 3 5 0.61
Total 142 235 377 4599

*Based on the May 2011 extraction following clinical validation for deaths and
severe harm.
tPercentage of the 822 total of deaths plus severe harm patient safety incidents.

identified the name of a medicine in the NRLS ‘medicine
name’ data field. The name of the medicine, however, was
often included in the free text describing the incident.

Discussion

Number of incidents reported

The increasing number of medication reports each year is
significantly more than increases in the total number of
patient safety incident reports to the NRLS. An improving
safety culture within the NHS, where staff are more aware
of patient safety and incident reporting, as well as being
willing to report incidents within a fair blame culture, is the
most likely explanation for the increase in the number of
all PSl reports. The proportionally larger increase for medi-
cation incidents may be linked, in part, to increasing use of
medicines in the NHS [6, 7].

It is disappointing that there are low numbers of PSI
reports of all types from primary care.The improvement in
the reporting culture seen in other healthcare sectors was
not seen in this sector. It is recommended that alternative
strategies are sought to improve reporting and learning of
patient safety incidents from this sector. This is vital if
improvements to safety across the whole system are to be
both prioritized and realized.

Published studies indicate that between 1 and 10% of
all prescribing [8-11], dispensing [12-14] and medicine
administration [15-20] procedures in the UK include
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errors. Administration of intravenous medicines proce-
dures have been found to have a higher error rate of 49%
[21].With thousands of these procedures occurring in NHS
provider organizations each day, it is disappointing that
there were individual acute sector organizations reporting
less than 1000 medication incidents to the NRLS each year.
A small number organizations did not report any medica-
tion incidents. Without reports, there can be no learning.
While it is recognized that not all medication errors actu-
ally cause or have the potential to cause harm, these data
indicate that there continues to be an under-reporting of
medication incidents and that many more medication inci-
dents are occurring than are reported each year. Barber
et al. quantified the percentage of medication errors iden-
tified by spontaneous reporting as less than 1% of the total
[20]. Regular local feedback to front-line staff indicating
the number of medication incidents reported and the
learning and system improvements derived from reports
can help to increase the number of reports.

Data quality

The NRLS uses a data structure similar to that proposed by
the World Health Organization International Classification
for Patient Safety (ICPS) [22]. Both healthcare professionals
and organizations reporting PSls can be confused over the
use of the (actual) clinical outcome category. In order to
ensure comparability of data, some incidents reported
with clinical outcomes of death and significant harm have
had to be recoded, as the reporter reported ‘potential’
rather than‘actual’clinical outcome.There is greater poten-
tial for learning in having an option for both types of out-
comes. It is recommended that future editions of the NRLS
and the ICPS could include categories for both actual and
potential harm arising from an incident.

Although the name(s) of medicine involved in the inci-
dent are often included as free-form text in the ‘description
of what happened’ data field, only 40% of the medication
incidents in 2010 had the name of the medicine in the
specified NRLS data field. There are two main reasons for
this. Firstly, in some local risk-management reporting
systems, both electronic and paper,a separate field to iden-
tify the medicine name(s) is not always present. Secondly,
the process for local review of medication incidents does
not populate the missing data in the medicine name data
before submitting the report to the NRLS. Without the
name(s) of the medicine recorded in the specified data
field, it is difficult to search the incident reports easily and
to determine the medicines most frequently associated
with incident reports. For the present paper, we have used
a manual method to determine the medicines frequently
associated with clinical outcomes of death and severe
harm.

It is recommended that in future versions of local risk-
management systems and the NRLS, when reporting a
medication incident, the name of the medicine(s) must be
included as mandatory data field(s). Medicines names
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should be selected from a national database of medicine
products in England. This is currently the Dictionary of
Drugs and Devices, published by NHS Connecting for
Health [23].

Medication incident reports in the NRLS have variable
levels of detail. On average, 89 words are used to describe
a severe harm or death incident; however there is a huge
range in word count. Significant numbers of incident
reports do not include details of ‘actions preventing reoc-
currence’ or ‘apparent causes, and this is the case whether
or not it relates to severe harm or death. There is limited
learning from very short incident reports, with little indica-
tion of causes and actions to prevent further incidents.
Greater local review and input of additional information
from medication incident reports would enable greater
learning and system improvement by the local organiza-
tion and nationally.

It is recommend that sharing anonymized versions of
Root Cause Analysis Reports from all NHS organizations
and Significant Event Analysis reports from General Prac-
tice with the NRLS for all medication incidents reporting
death and severe harm would further assist national learn-
ing and the spread of safer practice.

The benefits of a national reporting system

If only small percentages of medication incidents are
reported to the NRLS and improvements are required to
the data quality of some of the incidents, the question
could be asked,'What are the benefits to patient safety of
continuing with this system?’ It could be suggested that
other systems, such as the Medicines and Health Care
Products Regulatory Agency yellow card reporting system
for adverse drug reactions, are used instead.

The authors would argue that the NRLS can provide
valuable and unique information for learning and system
improvement that can be used at both local and national
level. When assessing a risk, it is helpful to have data from
incidents that have harmed patients and near misses (no
harm). It is also essential to have a system that includes
an understanding of human factors and patient safety
science. Currently, the pharmacovigilence classification
systems do not collect near miss data or incident data
where a medicine was required but not used (omitted and
delayed medicine incidents).

Comparison of the ICPS with pharmacovigilance classi-
fication systems such as World Health Authority Adverse
Reaction Terminology [24] and Medical Dictionary For
Regulatory Activities [25] reveals few human factors and
patient-safety science categories in the two pharmacovigi-
lence classifications. Without this type of data and focus, it
is difficult to see how the current yellow card reporting
system for adverse drug reactions could take on the role
for patient safety currently performed by the NRLS.

Furthermore, the NPSA has used a range of approaches
to create change and promote safer medication practices.
Bottom-up methods include sharing first-hand experience
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of staff managing medication risks through online webi-
nars and discussion forums.Top-down approaches include
introducing purchasing for safety initiatives, where new
products/labelling and packaging are requested from
healthcare industries, new e-learning modules are made
available to practitioners, national designs for patient-held
medicines information are developed or new template
prescribing, storage, preparation, administration and
checking policies are shared.

The NRLS is a unique resource. It has been the informa-
tion source behind a number of key pieces of advice and
guidance for the NHS. Based on the medication incident
data reported to the NRLS, together with other data col-
lected from the NHS Litigation Authority, Medical and
Healthcare professions protection organizations and pub-
lished incidents, between 2002 and 2011, the NPSA has
published 14 Patient Safety Alerts and Notices, 18 Rapid
Response Reports, as well as seven Design for Patient
Safety booklets and two themed reviews intended to
reduce preventable risks from medicines. Details of all the
NPSA medication safety guidance are currently available
on the NPSA website [26].

A multimethod independent research study, compris-
ing focus groups and interviews with NHS Chief Pharma-
cists and an electronic survey of medical, nursing and
clinical governance directors, has assessed the quality and
impact of the NPSA medication safety outputs [27]. The
research concluded that, ‘within the NHS, there was a high
degree of satisfaction with the medication safety topics
addressed which were, with few exceptions, perceived to pose
a high risk to patients.’

The medication alerts had stimulated significant work
to improve medication safety and was believed by the
research participants to have had an important impact
on patient safety. Pharmacists welcomed national
support for medication safety improvement, despite
the resulting workload. Medical Directors were much
less likely to be aware of alerts and Rapid Response
Reports (RRRs) than their nursing and clinical gover-
nance colleagues. One key finding was the inability of
around half of NHS trusts to communicate effectively
and reliably with their junior doctors.

The future

Our review has shown the extent of the resource that is the
NRLS and specifically, at a granular level, medication PSls. It
has identified those medicines and therapeutic groups
most frequently reported in PSls with clinical outcomes of
death and severe harm.The NPSA has issued guidance to
help minimize PSIs with many of these medicines. It issued
target dates for the NHS to implement its guidance. Yet the
NPSA continues to receive serious incident reports involv-
ing these medicines, which could have been prevented if
the NPSA guidance had been better implemented.



It is recommended that healthcare organizations in all
sectors establish an effective infrastructure to oversee and
promote safe medication practice. This should include a
multidisciplinary medication safety group. The group
should meet monthly to review medication incident report
data, improve data quality, and agree and monitor
actions intended to minimize risk. This should include
tracking progress with the implementation of nationally
co-ordinated medication safety guidance.There should be
greater transparency on how medication safety is being
managed in healthcare organizations.This can be achieved
by local organizations publishing an annual medication
safety report to interested parties, including the orga-
nizations’ clinical governance committees, Trust Boards
and commissioners.

A number of NHS hospital organizations have
appointed medication safety officers (usually pharmacists
and sometimes nurses) to provide a focus for medication
safety activities in the organization.The benefits of such a
post have been described by an academic medical centre
in the USA [28], where there is also a Society of Medication
Safety Officers [29].

In the future, preventable harms from medication inci-
dents can be further minimized by the continued use of
the NRLS to identify and prioritize important actions to
improve medication safety, a central organization continu-
ing to issue medication safety guidance to the service and
better methods to ensure that the NHS has implemented
this guidance. Better implementation could be ensured if
healthcare commissioners, the Care Quality Commission,
The NHS Litigation Authority and The Welsh Risk Pool
required healthcare organizations to provide more
detailed evidence that national medication safety guid-
ance has been implemented and demonstrate that there is
effective local infrastructure to oversee reporting and
learning and to promote safe medication practice.
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